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This technical report has been reviewed and is approved for publication. /;Six subjects were fitted with soft contact lenses with 1.5 mml pupil openings. Spatial contrast threshold function (CTF) were measures on these subjects and comparisons were .made between the CTF when wearing the 1 .5 mm ccntact lens and normal contAct lens. The spatial CTF's were determined for 8 spatial frequencies between 0.75 and 21 cycles per degree of visual angle using the forced choice staircase procedure. The purpose of this eyperiment was to determine if changes in GTE from drug induced miosis was com~parlble to miosis produced by artificial pupil in contact lens., spatial contrast threshold functions between 2 and 10 cycles per degree. The main known physiological effect of nerve agents on the eyes is to produce miosis with pupil sizes decreasing to diameters as small as 1 to 2 millimeter. As a result of the above experimental findings, an experiment was designed to determine whether decreases in pupil diameter produced by a contact lens with a pinhole aperture would produce changes in spatial contrast threshold similar to those produced by nerve agents or whether other factors were responsible for the changes in spatial contrast threshold.
FOR THE COMMANOER
METHODOLOGY AND RESULTS
pupillary opening on pattern vision. To this end we compared spatial contrast threshold functions (hereafter CTFs) of observers (1) while wearing contact lenses and using their natural pupils, and (2) while wearing contact lenses which were opaque except for a small clear "peephole" or pinhole opening (artificial pupil). Both the regular and pinhole lenses were soft contact lenses.
Both types contained an optical correction appropriate for their wearer as determined by routine optometric examination. The pinhole lenses were custom manufactured by the Narcissus Foundation of Daly City, California. The "peephole" in the pinhole lenses was 1.5 mm in diameter and coincided with the center of an observer's natural pupil when the lenses were worn. Each test trial consisted of two 1.75-sec intervals separated by a period of 2 sec. Each interval was accompanied by an auditory tone, and a test grating was present in one of the pair of test intervals according to a random schedule.
The grating was ramped on and off over 0.25 sec to avoid sharp temporal transients. The subject's task was simply to identify the interval containing the test grating.
A staircase (threshold tracking series) started with a contrast set well above the 3 ubject's threshold. Thereafter the contrast was increased or decreased depending upon the correctness of the subject's response on each forced-choice trial. After an adequate number of reversals in the direction of contrast change over trials, the staircase series was terminated and the contrast threshold computed from the reversal points.
Two CTFs, one with regular lenses and one with pinhole lenses, were obtained for each of six observers (PL, CL, WG, KB, KP and KK). Contrast thresholds (in percent contrast) at each spatial frequency are given in the accompanying table for each of the six observers. The ratio of the pinhole lens threshold to the regular lens threshold (P/R ratio) for each observer at each spatial frequency is also provided. The geometric means of the thresholds of the individual observers at each spatial frequency were computed and are shown it, the table (M6 heading) and plotted in Fig. 1 . The standard error of a mean threshold was typically about 10 percent. It is clear from the table and Fig. 1 that the contrast threshold was higher with pinhole lenses than with regular lenses at all spatial frequencies. The amount by which the pi nhol1 I
.'i reshold exceeded the regular lens threshold at each sr>, iX , frequency (i6, P/P ratio in the table) is plotted in Fig. 3 as the solid function. The largest differences were obtained in the 5-l0 c/deg
region (approximately three-fold increases of threshold) with smaller differences at lower and higher spatial frequencies.
The retinal illumination provided by the pinhole contact lenses would have been less than that provided by the regular lenses. For the conditions which prevailed during the experiment, we calculated the reduction to be approximately a factor of 8. Therefore, we made supplementary measurements of contrast thresholds for two observers while they viewed the grating display through 0.9 neutral density filters with their regular contact lenses. These thresholds are provided ir thaccompanying table (subjects KK and KT), and the geometric means o the contrast thresholds for the two subjects (regular lenses) both with and without the neutral density filters are also shown in the table (M2) and plotted in between the filter and pinhole functions at high spatial frequencies (Fig. 3) is probably attributable to a higher quality retinal image in the pinhole lens condition. The optical spread function for a pupil sire of 1.5 mm (diameter) is narrower than that for a pupil size of 4-5 mm (the expected value in the filter condition) (Campbell and Gubisch, 1966) . The narrower spread function would tend to attentuate the threshold elevations due to reduced retinal illumination at high, but not at low spatial frequencies.
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CONCLUSIONS
The results of this experiment show that some changes in CTFs produced by pinhole aperture lenses are like those produced by low doses organophosphorous agents to the visual system. The similarity suggests that the changes in CTFs produced by the agents might be caused by severe pupillary constriction leading to decreased illumination at the retina and a narrower optical spread function on the retina. If so, contact lenses with pinhole apertures could be used to simulate the visual effects of organophosphorous agents.
However, it must also be realized that the present results do not preclude the possibility that the CTF changes, and changes in visual function in general, 
